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[tmm i o ] i - 9 (D^ti^izmmLtzm^mmm t lx n > t? 

[0 0 0 1] 
[0 0 0 2] 

[«OMt] 

¥H<7)If M ti PI h ti tzffl$i%L±.x v ^hc m ™ % x^m^zt - 

, ^Xti^&t) (Multi-Input Multi-Output ! M I MO) y^fA^So Z(D 

mmmk±xm m tr -y f b i ( k > - b N ( k ) & h £ titz -> > ^^hi l , - 

tifbO^fff^-^, lim<7)T>x^# 1 ~#M£fjtx.*MIMO$M«-?$ML 
, M I MO^f«(±^:««^-^^L3SL. #£jf$|S 1 ~SN<^IMf v>**;]/&fflf 
$-r*tif#Rlf * hbi(k)-b N (k)^I£LTbi" (k)~b N " (k)<h LttB^ 
utl-Out N{CSiJ^(Ctb^i-^ 0 
[0 0 0 3] 

5I£ £ ^^>M I MO v^f-AtC&U-^M I MOSft^*l£lft 

^Mi-^ftft^+^CtT^nTv^-v^ M I MO v^xAH&tt&M I MOSt 
$i<7)f|fj&£ML S E (««^) SlfE^o^Tfi^^ti. £Hi$l<7)lfc£N, 

MIMOS:«^ft»«(i2 (Q-DN^Jt^ilLTiiiPi-^Tt:^. i^M^N, 
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^ — v : 



> ^* », a. - *f 9 - « i:ov»TRWt4 0 

[0 0 0 4] 

iff* tr y h rn^'J b ( k ) L •) iriEtt-sHt £ * A'flHHtsi i i -eff o 

tftftlfy h^ijc (k) ££j£1-£ 0 ClO^Jc (k) £>f ^*'J-/*1 2 
"C^f > 9 } ) — 7 L T^iJ c ' (k) IO^Jc' ( k ) T-aS 

3§l&«-^«r^WSl 3 Ci3^ t^i L •> > JiJ s (k) £t#£ 0 ^L 

t\ i^fiv^^^yijs (k) UfrfrLT. H^-->^*v^5K;i/^?iJ^^ 
1 4frh<D hU-->7Zs>tf)l> s tr (k) *#M-ffc^gl 5JCi5V>TftJPLT 
a&tei-* 0 — jKt:iiM'»'-K^^J s (i) l±iIS$^i:lilft$tit^ 

[0 0 0 5] 

£ft&o ^fft2 0T"fiffcA2JifcfcB# (S I SO : Single-Input-S ingle-Output 

> sK^JfjOy > sK^a«E»0 1 1§J^±<7)^«T-9- > "f »J > y*' $ tiT t* -f v * 

[0 0 0 6] 

«>>$OIol— TO*r<frg|l-eN= 1 Mf7>tt#m (m= 1 , 

2, M) icjslt&^fSm^fi, 

r m (k) = 2 q=0 Q- 1 h m (q) • s (k-q) +v m (k) 
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m (mimi y^juxfc&'.mmmm) , s (k- q + n uj.-*r mm 

r (k) = [ri(k) r 2 (k)- r M (k)] T 

= S q=0 Q- 1 H (q) • S (k-q+1) + v (k) 

v (k) = [vi(k) v 2 (k)-v M (k)] T 
H (q) = [hi(q)-h M (q)J T 

= 1, Mfcn=l, N^Tfti^t LTfttt«btLTV^|E-^l±^^ h 

y(k)= [ r T(k+Q- 1) rT(k + Q-2)-rT(k)] T 
= H • b (k) +n (k) 



[0 0 0 7] 

[mi] 

fH(0) 



H = 



0 



H(Q-l) 



H(0) 



0 



H(Q-l) 



[0 0 0 8] 

S (k-q) = [ s (k+Q-1) s (k + Q-2) - s (k-Q+1) ] T 
n(k)= [vT(k+Q-l) v T(k+Q-2)-vT(k)] T 
XhZ> 0 

±X^mLfzr (k) &mt&2 1 izXU^tl, IOSISOffkS2 1li« 
IfftSt?*ot, tvmtlhljt LT&flHHfcfcT y Y |s (i) | ^+itab 
Sm^st- 1 -C*^>?f^<7)^m*SJtAi(L L R : Log-Likelihood Ratio) rt^ 
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^ — S J : 



[0 0 0 9] 
[12] 

B Pr[s(k) = -l|y(k)] 
-X,[s(k)] + X' 2 [s(k)] 

[0 0 10] 

-c&s 0 iit-Ajts (k) ]m&wt<7)mf§r%?2 4 izmbti&tmmm., a 2 p [ 
s (k) ] amm2 iiz5.ihtL&mMtomx'&z 0 tt&±mitAiis (k) 

](i*tutffgA 2 [s (k) ]ri*«*»2 2T?B*£*l, |(; f ^^j- A2 3^ 
frLTS I SO^-v^;HI^2 4 'MJtj^ti&o i^jf2 4 {i$&ffi«<?3flF 

wt-^tf-y vzmTzM^iim^mm^t uta^u ^o^-tr? Frt« 

7LJ8JtA 2 

[0011] 
[13] 

A 2 [s(i)] = i~ c ft [ s (0-+llMs(0],i-0,---,B--l] 
6 Pr[s(i) = -l|X. 1 [s(i)],i = 0,-,B-l] 

B : 7 1/-A5 

^ 2 [s(i)] + ^[s(i)] 
[0 0 12] 

^r^tB-t^o ::tA 2 [s ( i ) ]fi«D£LOlBK3KtfS2 1 KA 2 P [s (k 

) ] t LT^z.btiz>tmmmx$>*), ^[s (k) ]* f «*#2 5K*inr«# 

AiP [s ( i ) ] t LT#x.<b*L& 0 A 2 [s ( i ) ](±«3MS2 5 T A i[s ( i 
) HmW-Zti, 5<D8it)l±4 y*? «J-/s-2 6 *4M.T^ffc#2 1 SO* 

[0 0 13] 
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s' (k)=tan h[A 2 P[s (k) ] /2] 

») 

y' (k)=y (k) -H • S' (k) 

= H • (S(k)-S' (k)) +n (k) 

S' (k)= [s' (k+Q- D-0-s' (k-Q+l)]T 

4>5it 19 £ ^-r*a "7 -f ;u * ^^w opt ( k ) £ filTOMM S E 2 
[0 0 14] 

w opt (k)=arg min || W H(k) • y' (k)-s (k) || 2 
H li^lsl^IfcL, II II t±y ;i//,*^f 0 
±^«r«/hi:i--5w (k) *^tbZ> 0 

mrow (k) o^ai(iMx.^##^mi k8b«3*itv>* 0 :o#s«± 

LTft#i<7)^;i|ig^lJ^^^ 0 S*cOML S El^-^tHili 
2Q-1 O^-rnJt^iJLTV^cOH^L, -<7)^ri(iQ3 (Dt-rrmx.^riX 
i/**o fcfcwH(k) • y' (k)»±^t»2 10W^JT**or, £*U&»f> A^s ( 
k) ]75 ? ft3l£*lT7M 2 3 Sr^Lr«-^»2 ^fft&StL, 

[0 0 15] 

^#»tHH^tciJV»r<fcipJ5g->>^aijett s ' n (k)£l tMt^ft^I 
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zmmm<Di *? mmw n (n = i, n) <Dmj&imz.im2#<Di& 

[0 0 16] 

Qti-Sfc, -3.--T (J£««) Sn^t>3Hg£*i> m#@ (m= 1 , M) <D 

)V (mimWft.) hmn (q) fc**g -S§"?& Ij , mf |©7>f t#mt 

r m ( t)li^t(0MiS 1 -SN^f>^iif^L^t 
, £ftKl$IW&JHIx.rt:fc-^-fcfc&o iot, SM'fi-^ r m ( t )l*>k<7) «t -9 K^S 

[0 0 17] 

r m (t) = 2 n= iN (h mn (q)*s t> n(t)) + n m ( t ) (1) 
n m ( t )l±mf|<07>ft#mt^i Lfc«^K#-t*Sng;te£fejy 
(AWGN) X$>& 0 
:owattii, ^**;HKS8 (f5£IS&#14) o^ia&tcp^ lt, fiM<7) 

r (k) = [ ri (k) r 2 (k)-r M (k)] T 



^C-C, klimWtiWM. [ ] T te&WftWJLli^? V^ZmfrL, H (q) 
, S (k) , n (k) i*&T<OM*)X*$>2>o 
[0 0 18] 
[&4] 



= 2 q= iQH (q) S (k-q) +n (k) 



H(q) = 



h n(q) hi 2 (q) 
h 2i(q) h 22 (q) 



h 2N (q) 



hi N (q) 



h Mi(q) h M2 (q) 



h M N(q) 
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[0 0 19] 

S (k) = [si(k) s 2 (k)-s N (k)] T (4) 
n (k) = [ni(k) n 2 (k)-n M (k)] T (5) 

h^mm^imz-izisytf^mmx^y-fv yy^ntz^-x^y wry? 

HTMIMO^^- tfUHtfl K A# £ ft S <, M I M O Bf£ * - ^ffc 
Ht±MIM03Kfc£2 1 fc#«-^^J (JL-Hf) mQ&U2 2j -22 N T*«j£ 

$££t}7j (Soft-Input Soft-Output : S I S O) 2 3 n ^t>7 * - F/s -y ? 

(»*) $*L*^SHgv>*K;K^*2n«fll*ia (*2*«rfl|«^J) A 2 (s n 
(k)) ^fflv^TM L/tf Hftl/7 0| J ^I^'MMS E 2 7 

>f ^^Mtffl^Ti- *fm=F& (Multiple Access Interference I MA I ) t 
W-^rfRTtifr (Inter-Symbol Interference: I S I) £G££U #~>>**;K7)3I 
mSPfflf«tt (* 1 *l»fl| «^3?!l) Ai(s n (k))^*^^»o fcfc*U 

<n i mgoM i Mo^fkMtc^^rji, mm^mnMnzis^x^hti^m 
2 tmmmm a 2 ( s n ( k » *mm-tz> z t &x & & ^tzt&, mmse7^^c 
zzmmmnfrzn 7 C m^&Wnmm^u (i-fft^sisoa^«) 2 

2 n Tfi, MIM03Kt3l2 1 tcj: i9^<6«b^^^mg|5ti||RiBAi(s n (k))Sr 
fflv> N S I S0*g-^£fro 0 Z(DS I S0^1^tc*a6^n^#v>^;us n (k 
)^iti-^^2^tf#ffiA 2 (s n (k))(i, MIMO^fLtf2 lC7-f-M7 

^ £ft£o 

[0 0 2 0] 

EI 4 CM I MO^Mbf! 2 l«^^to M I MO^ffcSIti?- *;H£5cSB2 

4 &m j iT&mzK'f&mt^&2 5 2 -25 N ft. ^-^^je 

4 o f - -V ^ ^fll^SB 2 4 (iSrff ft ^ £ hl/-->^>> sK^^dt^S 2 9 ^ <b <D 
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mfcmtU2 7 n <7)«^^n5t;^-r 0 mi&mm2 7 n 3 1 

n fc-7^;w^S|J3 2 n 1 7 4 )U ? 3 3 n ^<bflHfiS*LTV»* 0 ifc, 

0 6 1:^^3 l n <nm$Lm*7F-$- 0 *Ji6UBI6 t^i-T«*3M£ 3 1 
n "Cli, l^-/';*^fltlS3 4 n tCj:»)»2*l»fll**yijA2(si(k)), A 2 ( 
sN(k)) (fcrtfL A 2 (s n (k))£Bfc<) £*£5e£ titzfr *;MKJg| 
£fit) fcKJ: iJSfcfc-^O^FS* (MAI, I SI) JER^O$«^ B^flMg- 
) ^'JA«?ti, #j&**JMB3 5 n -e$« M-Jf-^n 

L5i^n* 0 # a-f off t s n ( k ) Tilsit ^i^i (mm^y^^mm 

tt) s' n(k)«»2*«r«ffttA 2 (s n (k))^^ 

s' n (k)=tan h (A 2 (s n (k))/2) (6) 

&t 4 TM;^ £ % Zm^'VMmM u e , n ( k ) f±Tf5<7>i§ «J £ 0 
10 0 2 1 ] 

"e,n(k)= [u n (k+ (Q-l) )u n (k+ (Q-2) )••• u n ( k + 1 ) u cn 



(k)u n (k-l)-u n (k- (Q-l) )] T (7) 
u n (k)= [s' i(k) s' 2 (k)-s' N (k)] (8) 

u cn (k)= [s' i(k)s' 2 (k)-s' n _i(k) 0 s' n +l(k)-s' N ( 

k)] (9) 



k)ri*;fci&ib*L&o o$ •) r' s>n (k)ri*3fc$* 0 

[0 0 2 2] 

r' s>n (k)= r e (k)-H u e , n (k) (10) 

r e (k)= [r (k+Q-1) r (k + Q-2) - r (k) ] T (n) 
[0 0 2 3] 
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[15] 



H(O) H(l) 



H(Q-l) 



H(0) H(l) 



H(Q-l) 



(12) 



H(0) 



H(Q-l) 



[0 0 2 4 J 

&<Dm£;RZ>\ v;Pf/UO^|£S-MMSE7'f;^g|53 2 n ^.fcljfHo MM 

mm)m^&\z'&^)v^^**m.±&&$L-tz>£o umit-t-Zo mmse7^ 

ns9U32 n <D&tl* z n (k) 

z n (k) = w n H (k) r' s>n (k) (13) 
t%Z> 0 Htedt'ft&WftWZmfrL, w n (k)(iMMSE7>f;^g3 2 n 

[0 0 2 5] 

w n (k)= [HA n (k)HH + ff 2 j] -l hn (1 4) 

h n <± 

h n = thin (Q-l) h 2n (Q-l) -hMn (Q-l) 
hi n (Q-2) h 2n (Q-2) -hMn (Q-2) 



■C*0, A n (k)liD (k) , D c (k)£ 

D (k) = (1-s' 2 2 (k) 1-s' 2 2 (k) -1-s' n 2 (k) ) 

(1 6) 



hin (0) h 2n (0) -hMn (0) ] T 



(1 5) 
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D cn (k) = (1-s' i2 (k) 1-s' 2 2 (k) -1-s' n -l 2 (k)l 
1-s' n+1 2(k)-l-s' N 2(k)) (1 7 ) 

A n (k) = d i a g [D (k+ (Q - 1) ) D (k+ (Q-2) ) -D (k 
+ 1) D cn (k) D (k-1) -D (k- (Q-l) ) ] (18) 

[0 0 2 6] 

iwtae*oi$wm:o, itoa-tiii^^,, mmiz\ei-mwi%k-?&mz 

CDMA (Code Division Multiple Access) Jj$:(D&W}M1M t" A H&v* 

[002 7] 

17TOUf-y'3 0 ltc£tt*#^«:£ (ICU) g|5311-313 

\zt3\,*Tm8iz^timi> s ftt>tL&o t-r\ rake^4oku i^- 

riSSSJfctMfc 4 0 4 T*i£&f8[ $ d Oi»l£fS[«-^**^ * * /Hi5e« 4 0 5 io <fc 
*£8&4 0 6^tli^^n^o ^^MtScSIU 0 5^ftfc*Ut^**;Mi5e'liifc 

ffl54 o 7-eira*$n, :oiinMfT^i.RAKE$Mfii, iff*-^ 

^JteSIH 0 2|*JOFEC^SB4 0 8 jSJ^FEC^ffi^JJeSIU 1 1 — titl>b 
[0 0 2 8] 

FEC^hu^iJ^4 1 ltli, RAKE^f Ofe^ibESSI^Jjc^fTJb 
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^-v: 13/ 



ft, FEC^SIU 0 RAKE^I^IS^^ibFEC (Forward Error 

Correction) tt-*r?Hf frft&o - <D F E C^I-^JeOff-^ti, H|IJ^4 0 9T*® 
¥ij7E£*i£flL FECI?ffkS4 1 OioJ:C/m*mttiSIU 2 l^m?j£ft& 0 F 
ECft^HtSIU 1 0 7(i, f llJ^Sf E Clff ^tt, :oFEC^f 

It £ ftfclgPPJ jefiSri*, * W y ^BM 2 3 £ J: & 2 * r - v 3 0 2 tf> -5 I 

C USE 3 2 1- 3 2 3^ttj;fj£ft& 0 
[0 0 2 9J 

SSOmmSIU 2im ttilt CRC (Cyclic Redundancy Check) Ci 

v3 0 2 0*t/£1-& I CUSP 3 2 1- 3 2 3^&t)ZtlZ>o 

^^•yf$IJW4 2 2li, CRC^CJ:l5X>f7f 4 2 3 ^»f^ 0 CR 
C«r*j&*NG c7)*Jr£\ FECI^MI»4 1 l«t*^F 

E C^m)<7)TOJ^ffi^l/-7 0 »; ^^^g|5 4 0 3 fo<D&'*X<Dmif.M4 1 4^tti?J 
$n*J:-)[:tSo 1^7°';^^^^ 4 0 3iZislf2 > &;*x<Dm$tU4 1 4tli, 
FECa-^fro«ipJ5efl[i:, RAKESrlfSU 0 1 ^fcotfjfci-*/*;*^*-* * 

S£ft, ^ft^^^coJSffem-^ti, *D#SB 4 1 6 TSoU $ ft, l/^J^tLT 
, #1 CUS&3 11-31 3^t>ffi*$ft/c^ 07ct»O*lX-r-v*tC^»t* 
2JD#SB3 15-317 *jgT, |2Xf-/3 0 2^ji<bft&o 
[0 0 3 0] 

crc is^o k (& o l) <Dm&. *4 v rmmw 4221^ f e c 
ftsiu 1 0 **)<df ec ft^rim<om$mm^ mm^m) ^>7 p >j*m4 
0 3i*io#^xo^jj[sij4 1 4^m^^ft*«t^tc-r* 0 
#icuaj3ii, 312, 3 1 3 «t *) (D&j—if^^^uy) iji*mi£ 
3 1 0 ^^ctz^mm^hmMuz 1 4t^i?^ f^^^ti^ftii 
-^kwu tmu3 1 5, 316, 3 1 7 T- -eft-eft 1 cusp 3 1 1 , 312, 

y-t^ztifzm^t-t&o mmzLxmnm 16,31 7 -eft-eft^ - 
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[0 0 3 1 ] 

B7^*27f-y*3 0 2 I CU»3 21-3 2 3 Kfc^Tii, 

m 9 rnu 8 1 *tJ&i-*«5^tcra-#Hg#-§-«:#tfr^-r «t ^:ra k u 4 
0 1 &«£ vmmr- ? mjzffl 4 0 2 Kfcttaj&jfifi, iut-y3 0 1 

fcra«-C**o ^"9^ttSgP4 2 1 a 'Mi, S*-r-v (|2^f-y'3 0 2) K 
*5*t*#ipJ$£8|U 0 9ri*fcO«#j5e«-ig-tCiHix.T, hu^x-v (|Uf-/3 
0 1) ^f)OCRCim*?*l, Sfc, **-8M 2 3 a -Mi, gxf- 

vc&tt& f e cm^m<7>mmmmt5 x e c^^o^ij^^snx.T, 

•✓O^O^ajiBf* (CRCgf) , FEC^ftg4 1 0*<bO«*lJ5g 

fitii, ^t--v (l3Xf-y'3 0 3) ICUg(5 331-333^ 

tB^^tL^o y^-mmu4 2 2 a ii, Ti^tftciot, i^y; 

4 0 3 JCffi^i-4^4railf?i"4o Hi:, |f^f-y>t,©CRCWOK 
(^•)^L) t*MiXf-yOl|lJti^I^Ltl/7 , 'J*M4 0 3^ 
thy^L, ^2C, i^f-y>t>OCRCWNG (g t) ft V) ) 

4 1 Ort^O^J^fca^L-Cl^'j #£j»4 0 3^m^lL, m3 tc, mf* 
f-y>f,^CRCWNGT^>), ^o, g x -r- y* Ki3»t* WJ^ff-^O 
CRC^^)NGT»abtL(4\ FECffff|lJ^4 1 1 J^O«ipJji£fl|£aft 
LTIx-7°>; #£j£*|U 0 S^tii^J-t^o 
[0 0 3 2] 

loT$27f-y3 0 2^^#^-^«^-(±^tL^tLit!l^--9 i ^ffH-^ 
(^F^flT-^-) j5 J ^^>-b^$*irtb^$tL-5 0 I3^f-y'3 0 3 KiJUTfc, 
±lL/:i2^7-y3 0 2 <h ^Ofel^fcti*, H 7 ^|4Xf-y3 
0 4 K*5»t*# ICU^341-3 4 3 0ttffcKo^-c, gj l o *fflv>T3ttWi- 
So RAKE$«ffi4 0 lKjSlt&fcaHi, ^l^f-y3 0 1^t|ll«f 
RAKE^4 0 1Offitli±, 7&inr-^mmU4 0 2 a\^(DFECm 
^rU4 0 iOFECH^ftOf^i, »JteS|U 0 9 



mSE#2 003-3076453 



iff m 2003-193906 



[0 0 3 3] 

<d & v 7- - v <d mm mt& ^fflv^tpyj*^ « -r & £ % mmz m & <v m 
Ecm^-s mm^. e cut i^-iww^i:^^/^, isrjfs 

y tc is if h f e c m^m^m^ * m m te l t t# f, n ^m-^ ^ki/^j*^ 
7° u # ofliaF s- |p]_t-r & d t a*-? § * o 

[0 0 3 4] 

£&!H8, 0 9t OF E Cfl-tiu»J^4 1 1 *tfflntOi:RAKES 

[0 0 3 5] 
[#tt» 1 ] 

3-D7/«fliE P 1 2 3 3 5 6 5A2fM (2 0 0 2^8^210 
Sfcff) 

[0 0 3 6] 
ItlM2] 

#Hfl 2002-33685 
[0 0 3 7] 
limtiFXM. 1 ] 
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r-'T'J^ V-J)VY7. (Daryl Reynolds) , ^1^ "D-n>7'l/^yf 
4 ?-^n7-f-b*-ya> 7* ^-f/s-v^^ ^ ^ * ^ x (Low Comp 
lexity Turbo-Equalization for Diversity Channels" 4 >? — ^ y b <URL:ht 
t :/ee. tamu. eda/reynolds/> 
[0 0 3 8] 

* - i^v-AAxAxx^- ^>^7f ^7' -f 17 ^ -tf* — XJ 7 -i 4 
-4-4- h?>X. =r>A. l^-X. 2 0 0 1f, 7^-, pp. 310- 

312 (H.0hmori,T.Asai,T.Matsumoto, "A Matched filter approximation for SC 
/MMSE Iterative Equalizers," IEEE Trans. Commun. Letters, vol. 5, no 7, pp. 
310-312,2001) o 
[0 0 3 9] 

[^Wtim-fe l x n 1 1 %> mm] 

[0 0 4 0] 
[0 0 4 1 ] 

MM SE7-f ^n*ifcOMfr(i. Mfll-^Ott *) jg L&SO lUilCM^Ii 

, *2na5iffiniA2(s n (k))**»f>n-cv^v^?,, ^i^-ao^sit— 

m*)ML1t!im<7)2®BLmxi3;, »2^«5fl|«ttA2(s n (k))Offl 
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^i3v>^si(k)«ti-^^l^it#1lA l (si(k))(i[l4^<50M# 
[0 0 4 2] 

Ai(si(k)) = 4R (z n (k)) / (1-^nCk)) (19) 
-^T% R (z n (k)) (iz n (k)Wit§E^l, ^ n (k)(i, 

/ / n (k) = h n H [HA n (k)HH + a 2 j] -l hn (2 Q) 

MMSE7^^ftiiit (14) - (18) VMtb&fzmiWMrfgr^ 

£#x.& 0 Ell IWi^^^cfif, 

tiz>y * fr?mm.nmu3 3 n <oi#^^^-t 0 njgtc&^-cii 

, mrifi<h(5]#tzMMSE-7^^^#i5:(7)^:tli^^i 7 ;u?«:|i:tb3&3 7 n t? 
fHo fcfc'U »0igLllHlBJCi3WCti, «-f-^J n ffl«#SB 2 2 n frbnn 
2^mj'lf^A 2 (s n (k))<7)-7 -f - K/su/ *j&q?3EL&t/»£ ^ki:i5 
^T»J^v>^^ffi^fi s ' n (k)=0 

MM SE7 4 fcmt v > tf> r £ KltHI"* <J&^li & < > 7 V - A t 

, fffifiMUCct s' n (k)= 1 A n (k)= 1 t%& 0 £-oTy< 

^^^w n (k)(i^Const. t^-^^)Vm^.mh n & (15) ) tcDlft-C^ 

o 

[0 0 4 3] 

w n ( k ) =Const. h n (2 1) 

fill^MRCiftlt^o 

±IBM I M0y7fAWfftftiIi:i5v>TMMS E7^^^1v>4^lt 
I SI, MA I v>**;K£>j|Mtff-^-i^i; 5&3&«v>^ri:tc**4^:a6, ->> 
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^- if : 



?&M<nm&ii7u-Am~ i mvm&fzfrMs^tmmzmmx^ztK mm 

[0 0 4 4] 

M R C iftm £ ffl v 2 El i »MM SE7^;^ ^ScJfffl B# & v > r 

0 Uffl^TMM S E 7 ^l/^M«:iaj LTMM S E 7 >f ;^ C^f £ 0 =f 

*isfe*js«±fF^*oejs* f ^:#v>ei Kia^tt imot, igijjgL&s 

1 iifl tc £ v > r j± 7 ;u * ^iSc £ MlS-T & c T-fftHM * MTU Mi" £ - ^ 
*3<ti*>, \£y (BER) «H^<if?^-S:i^^ 

o 

[0 0 4 5] 

c*u±, MRcaia^ffl^^v^cisv^, s ' n (k) 

, »lis' n (k)^{±^H^Snri}i9 > 0ljilf 2 illt^li 3 0B<7) S 
I SOH^©ft*i:tit««#< og£0^£?-*fc#T-&££#;l<bft*o 
[0 0 4 6] 

m i mrnmm 

fi(i, T#Bk3r^J£3 l n <h, 7>f ;i/*3B3 2 n <h, 7 J )^ ? fcMM&U 3 3 n 

ft tmmz-r&z z^^x-n* T&m&mp 

*tBSB3 3 n T»tH-r^> 0 *#WKI4, ^(16) (1 7) <Ds' n (k)£/?«h 
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^-v: 19/ 



-Sttl)It^J:^ 0 (16) (1 7) ii, 

D(k) = (l-/?2 i -^2 ... i -p2 ) (22) 
D cn (k) = (1 -p2 ... i - p2 i 1-^2 ...i- p 2) 

tft&o Z.ZX\ TiM/5li«Is' n (k)OttW^<b i = 1XH0X 

^!lx.{i'^«9^IL(H^: i co^^^i-^- i:^-e^^ 0 m 1 3 
SHik/? (i) WJ^^-r o I^tli, /? (i) £i01#C5$, m 
LfzMftti^timU4 5 a, 4 5 b, 4 5ct^LTV^ 0 
[0 0 4 7] 

HffitfjCJi, /? (i) £ i <7) l /m^tci5^4><7)<h U i = 1 "C /? = 0 , i 

Kffi&S^, 00£J#|*O&Lrfcfc(). 0 53gJS±i*n$^*^t^Mi Lv» 0 i 
«^OH»)igL^tc^= 1 t U J£H»0«t»)3lL^i3v»ri±, /?= 1 t-T 

fi ( i ) =0 i = 1 (2 3) 

/? (i) =0. 8 + 0. 05X (i-1) 5>i>2 
/? ( i ) = 1 i ^6 

0 5iiigfflM4^ , i:.tot^Lv>i^ot<-6 0 iilfOFDM (13c 
^&£c#$l) -C(i^(±0. 9gKA f J:v»o 
[0 0 4 8] 

z F«*Sffi^4 l n Klt^ILE^ i ^A7J£*U (i) 
) (15) (18) (2 2) ICJ; V) 74 A>9tf t mm*ZtL* zmmzti£z7 
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10 0 4 9] 

f£££-t±\ Wlfc*^/? (i) ztizm^xyi ;^iMH-lLT, 

*2*i)iHt«ftA2(s n (k))0|WjBttLt^5o 09x.tf, 7 -f ^ — 
1-&EWfcfc»t**tf!l£ffis' n (k) = tan h (-t 2 (s„(k)/2)^i^ 

[0 0 5 0] 

/?= (1/N) (1/N sy ) S n= iN Sk=1 Nsy s ' n ( k ) (24) 

—fete h l/-->^->>^EP B Ti:.r*UCM< 7-^y^^EH*«i 4 h u 
- r: > v > # ^ |x ffl t z & ^ T "f - -Y *)l> M 5e 5" fir V \ ^ <7> ^ ^ * fl, }g ffi * Jfl V > 

k)fc, f-^y>^ftN sy i, f»t*ffl^T, ^ (24) *»*U 
#£ft£T#l&*J£/?£ffiv>-C, 7 -r^ (2 2) * fc* J: t) 7 4 n, 9 



mtiE#2 003-3076453 



#11 2003-193906 



[0 0 5 1 ] 

r- ^';K7)iicf & ^ r iu Eft -t L tz r- * v > * ;u £ ffl v > r 

* frMfe m-k*? 7* ? V > *\<K7) ^§^3 H ^ ^ _ - y Sf ^ y £ ft 

im 1 4 ^^^-rj: n ^^^)im^mmt, m§t* * < >r%£.U4 2 &c&^ 
x^y^jvti \ yvzt\zxtizmmM4 2 z\,zuw^tix^z>mm<n-7 4 

2 b-? M^ai^4 2 b x ^<vfe&ztLf^<D2mufr2mmnmu4 2 

cX^Zfrbti, ^<7)2mUtfL£\;*mMxxEU4 2 d(0L^v>|t it$£§|S 4 2 et 
>^f#^i±l^$n. ^ogfiH^4 2 a<7)fB'|t|*l#^<7)B#A^^ti7 t c-f--v^;l/ 

[0 0 5 2] 

' n (k)i^itN sy tCJ: « (2 4) £ft|T L TT?»*Jt fi ^JIte U 
-^KfB^Kisif^^^^fifzm-wizM-r^y^ ju?U3 2 n <n>7 4 )V9$m 
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^m&k^&vmmp t Lxitt (24) -cxtbtzmz^mt-tzmmmtLT 

10 0 5 3] 

^ti^mmms' n (k)^m^x^ (2 4) £tt-irt&*&^ ztttmim 
mm<7)^z.*®.&-&m i 4^c5«-e^-r c tdn ; f^i^*«tfi^4 i n cm 

3li *9 ?M LIUi& i & Xti LTMx.fi" i Olia (i) £^ (2 4) U^jtLTT 

(i) htu^o co« (i) t Lxit%<Dm^tmm^ i = 1 

T'« (i) =0il, .ftic l KjftvHIfc U ^<7)*£, *5>4^^tz 1 KflfriSU 1 
[0 0 5 4] 

(2 4) (D&MftiWzZtOi £m\,*2>zt% < , lOiSMf^fti 
-t^MmfI5rT«*J^/? t LTi> IC^ (2 4) IZ£ &=f 

^ (mmmmm) m-^iznL&mizm^fztK m^nm^-^r (mmmmm 

fin = (1/N sy ) S k=1 Nsy s ' n ( k ) (2 4) > 

D (k) = {\-pi2 l-/3 2 2 -l-y? N 2) 

D cn (k) = (1 - fil 2 l-/s 2 2 ... 1 _ /?n l 2 ! l-y? n+1 2 
-/^N 2 ) (2 5) 

4Mm?iJ 1 - NCov^of «it /? r ^ N ^7 ^ SIR 

[0 0 5 5] 

»J5eHs' n (k)-e(±^< »2**rif*A 2 (sn(k))*ii:»iE»:t-r*iasfe 
tifrz&wt-rzmmm, &Km2 mmmn a 2 (sn(V) zw&t-t- 
ztih<Dzt ium^mmfm iz^-xi>w\mx$>%> 0 
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m^rfv *<D-uz%mm-%izu\\W'f2>o ( 9 ) vomm-rzis^t 

HfcirZmmoZ-f (s' n (k)) tLTTIBcoid^^Mi-^o 
[0 0 5 6] 

u C n(k)= [s' i(k + q)s' 2 (k)-s' n _i(k)-f ( s ' n (k)) s' n 
+l(k)-s' N (k)] ( 2 6 ) 

f (s' n (k)) (is' n (k)*3E*^"*-*MS:-C*-5o 

Ell 5(3tJ:^:, ^»*3M£3 1 ' n T\ cco^; ( 2 6) (8) t 

iz£t)ft (7) ^^Wl^^'^Hu^^kj^^T, ztit&miS 

4 3 ate J: Of (s' n (k)) tmUZ *l, Z<D f ( s ' n ( k )) <h ^ * ;1/«5e 

mutfrb t&mm-^ uyj* 4 3b TM*m«-!§- »; # $ 0 

°i ^tHif^^4S^4 3 bfli^; (8) Wu n (k)0^5«4 
0£U * (9) <7)u cn (k)*<7>0?)S||f£ f (s' n (k)) a, -eojtilOS 
Hf^TO^LT. ^ (7) u e , n (k)^0, ifttHfc*l*«*Ltttm 

«-^i^7°';^^t#^ 0 -o^m^^7 p ';*^^«#tcjn»^4 3 cr-sp^-r 

2 7) ^^^££9^ 7-f ^^#»«-J|[fflJ3 3 n Kf±MSfci**«4 3 a<7) 
««S*f (s' n (k)) &A2/£*i£ 0 
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[0 0 5 7] 

2 2) *<7>D cn (k) W^i^ino 

D cn (k) = (1 -fi2 i -^2 .-1-^2 i+2f (s'„(k)) s 
' n (k)+|f (s' n (k)) |2 1-^2 ...1-^2 ) ( 27 ) 

[0 0 5 81 

f (s' n (k)) li, s' n (k)^^*^(&i _ *v>^i'«*iJSett*tM«L 
s' n (k)=0, o$ 0^JSi-*«JpJ565/>^;uo«J|S1435*0O*^±, 

f <vm.i> o. ep*>, 

f (0) =0 (2 8) 

d If (s' n (k)) | /d Is' n (k)| ^0 (2 9) 

-Oct d ^raSS:^ LTfi0!lx_fi\ 
f (s' n (k)) = 7 X s' n (k) (3 0) 

fc*5tt*5t (2 7) (± 

D cn (k) = ( 1 -/? 2 - 1 -/3 2 l+2 y + y 2 i - p 2 ... i - p2 

) 

£%*><> y i^mt-rmmmzmm.^^, y <ntBER (tr-yh« 

(9^) ri*jgoT&< fclK 0< y <0. 6«U^o y^I^ILM« 

-Ot&4^Jffc^SU±* «fn (n=l, N) U*J"r&«-5^iJ n mmt 
(MA I) , fi^KT* (I S I) tt^i§^fc*4L-C, T*»*Jg/? 
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10 0 5 9] 

mi 6»ccio»4^j(i^s8jc*5»t*«^y(iiffl«-^«2 21 nmmmrn* 

TF-to S I S0IIfl2 3 2 l*3Kli«iflJ5Eau 6^tt«bnr*l)x -<7)WJ^ 
SIU 6 T'*tm*J^Jt A 2 [ s ( i ) ] $ tL, -eoW j6e** r «^yij 1 O 

mfeVv h^'Jbi( i)t Lrm^^ti^o £*>*ijj£lf y h^Jbi( i 

tt/j ^ § *t & ^ o £ tfji-tm *) fiimm m s ED i # ? tB # $ ti & 0 

[0 0 6 01 

OS 0flr^yiJnffi«-*SB2 2 n ^(iI£^tB'l«#S EDn jWttfjSft, C*i 
«ll 7H^-TJ:^tCitS't*«-^^Jnffl^t^S2 5 n 
4 l n --AtJ^n^o T^I&^JgfltJeSM l n K(inTSE«U 1 a <h;e«4 1 b 

8K4 1 a^tB^X(i^»4 1 b ^ffi^<Wti^ ? T«*J£/? n <h LTiSiRfcB 
[0 0 6 1 ] 

(2 3) JcJ:4M»|»X»±#2||Jfe03K-e!!i^L7tifc*lJgtts / n (k)£^ 

(2 4) x»i (24) ' Kx^mmm^t"<Dm^ML^m^m^m^ 

4 1 a<&m:fc«*7-r;P*#ft*mfflS3 3 n KSMfrt* J: ^ tciwitti$n-5o 

N^A^j^n, a: (22) xt± (2 5) s£v>(± (27) tc^o'v^r 7 -r ;w 

w n (k)^aj^tL^> 0 

[0 0 6 2] 
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m urn i-%4 mmum t nw. t & & 0 

# $ tifzMMM> 4 1 d(C=tl9^^y^-4 1 e ri^ifcSB 4 1 b <7>/±};fjiBlJ £ 7 ;U ? 
^m#t±iSr>3 3 n H^^i~^> J; -9 HfiflJfAJ £ti& 0 t^oT, 7^^^W^*/±iM3 

■C<>i*i5-t* ; F^*JK«l5efflJ4 l n {i^^tb*-r^-«bic^^ 0 ^ij^coM 
■C«i««»«5 4 1 dTO^7f4 1 et:i01«#S4 1 c^L^-e* 
-2) © 

[0 0 6 3] 

ttz, m^-^inmm^U2 2 n -dim 1 6 ft^^ij i m&^B2 2 2 n 

*rfJ:dK:, fi^fftBglU 70tB^S E Dl «J»4 8 aM^tl, *UW>4 
8 a f±& «3 *£tB1ff$g S ED1 tfm <0^t)*7F-fi> <D"Ct>tU£, *J j + 4B,b\z£ 

«r*>f yf4 8bi:J: "JflF^-ffcttS 2 ^tb^ffj^^ > * 'J -/s- 5 <fc 
^ : ^^'^4 8 b^r$lj^-t^ 0 ftoT^tf^tBSfUitf. S I SOIf^2 
3i rttC»f>*iTV»*J«f»r^:a[JtA2[s (i) ]frh'7'(>9*)-s*5 3<Dm3} 
% 1 * hu'IW $R A i [ s ( i) ]j&*«#fflU 9TISL5l^it^*2^«rifff A 2 [s ( 

x^m y \£yy) j&*fr*>*u Z/y^j^w^i y? >; -^5 1 -\#t^g- 

£ft£o &*5«*rc^-tJ: 9 K«JM|U 9^ttl^<7)ftl9 tC*t^JSJtA2[s (i 
) ]^r^2^Hutf^t LT>f 5 l^itLTUK 

tco^tisi^^it^f), d <Dnwtm.it zm2 mmmm tu, 

0iJx.(^2^*feff^jzi5tt^> z F«iS^*^-c^ j:v> 0 -/<5 1 
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27/ 



oge«if^*6x.-rjE«f^*iTv^o mimo^2 i ^^mriaoiioiiL^ 

StCiStt^^^f-t^iJ^^-r^mO^ttllf^SEDl »J»5 5 a 

, ftflJM5 5 a t±^*)^tbtil«SEDl ^ ^ W «5 T'&tim > 9 5 1 J; 

i&w $ ti r </ > ^ hu 0 & 19 ii l h n tz m 2 m m m m *MiM0fftS2 

l^ttfet4i^i:x>f 7f 5 5b fcfWUP -^i^SLfel^^T^ti 
[0 0 6 4] 

SgSfefflU 1 b K*&*rt1-&5£&£ 1 t U ^ojf 2 ^Jfe^jg-ett^ Lfc <t d 
»W$*L*v^®!tCi5v>r{±s' n (k)= 1 T«*Jt/? n & 1 

[0 0 6 5] 

£&SB4 1 b KteiWi-££&M:i»ifcLrt:J: 0 1 Hffiibi* 1 1 £J£v»5e 

■t ^^2S*%e -r * m& k > - n £ l £ 7 * ^ * w n ( k ) o # m * *sm 
tti-zmmmbz&^r, /? n = ii:iTLi^^ (25) «fc ^g#e£*L£ <t 

9 K« #M?'J n (C «fc & ^SMifcMft ^ntLi^tC^f), «fc o T Hui£ LfzXo 
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[0 0 6 6] 

*m£fcti£ft&< %-ofzWlzO. 9 7 £L, >k<Dt%t)teL1!immizo. 98tc-r 

?^H^Iv^(7)^ n £0. 9 7tU &v>;fro/? n £0. 9 8t:f-?.^t 5 l 
^WJilill 7>t>i:«r^tJ;^:M<7)gtl|5 4 1 b, 4 1b' £f£U\ 

J^K, £i!Hf$tS n (n= 1, N)tMfi7/ft#l, #Mt<7)m 

<D^^^)umn (3) ) <Dmfc*^v*)vm%M2 Ufyys 

(Ti^y^)iJ) Hu e)n (k)5:l/7°U*M34 n «L 
'^'S2) , ;Wl/7''J*^{fff r (k) ^f>^3 5 n T"HL?l^ 
(10) K^if-J: -) tcT«*^T7 Uf^S3) o d^f^T-filt^ 
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) o 

[0 0 6 7] 

^mtb^3 3 n T-7^;i.^#^w n (k)^»ttli-^ (Xf7 7'S5) o Z<D7 
i fr?m±w n (k)^7 j ;u*S|$3 2 n <7)-7^r ^^m^Mir It, c<7)7^;u 
?£K3 2 n -e^^3 5 n ;^MILt, ^II^M^PPffii-^ 

* #tw n ( k ) £ * & £ o 

[0 0 6 81 

^: ^ i m&MB iz & tt * 7 * ;i/ * f&ifc * ^ £ ^S^JUlcofij 9^ #bs 
LTffc9§-f& 0 M'7f77'S 1 t-i^ILIM i £ 1 KWJWtfttU *r 
7 7'S2tf!ili^ (2 3) tcj: ttf^lici^iSfCf « 

/? £ * o - (Dtitm-CTs -r y y S 3 TJg*f * * 3 > Vim #rt ? f££i- & O £ 

M$r?-r 5 ^^M^^-r^t, 7 7 B S4-e^:**?t : Fiiiii 
s6T'-eoiei^:i^^f5igLMaieii E mz.x^%itti 

v>&tt*Ui\ X7 7 7*S2CBo 7f 77S 6T* i TOI^iLMl I E 

y 7°S 3 icfl&o ZtiXf- yy'S 6 T- i > I E T*JtmflR||-C^1- J: H^-r 
■y 7°S 2 Clot7f7 -7°S 7 S:fB&LTUv»o 
[0 0 6 9] 

ffi!E# 2003-3076453 



#M 2003-193906 



^-v: 30/ 



y^S 2T^iJ^fl|^fflv^-C^: (24) X(i (24) ' iz X t) T»*)t 

rm^tmtki-zt, x-f y-7°s 4x%i l zj£t6t2Tmm£mt^^^)ummmii 

^m^X-y 1 fr?&Mw n (k)Z$m-t2>o Xf7 7°S 5t»f7 7°S 3T 
LMlOllr(;IcJ-< i>(DX£>til£\ x^ -y7°S 6 M LMStlUm i £+ 1 
[0 0 7 0] 

^f;fil4||»^J;£&t£«^^ 1 £#BSL 

ri^-t-^ 0 M^f7 7 5 s i-cmimo^i:S2 l^A^n^fmmif 

^ SEDn ^ •) * *) & M 0 0 T**Uf * T77"S2 xm^m. 

£tT</\ T^xy -7°S 3T--eoWJ^lf h^iJ^o^rmo^tBMS^tf^o 7f 

t77'S5WXf';7S2 ^l-tMT-^^fcIf ffc 7^ til 2 
U o£ V) m 1 8 tf^fy 7°S 9 <h l^&Od&gSrfi^ 0 
[0 0 7 1 ] 

X T" y ■/ S 4 -em 0 ^telttL(i\ Xf77 a S6 -eafcu^^ffiipjsg tf y h Wiz 

7 x**<nftf§rimxni'>tf)mzm2 mmmmwt Lxmt>-f& t&izuwM 



y 8 -ciangR 5 4 1*1 on 2 «rif «?ij*a*m-to 

£ ^^0^4^M^S^^tt^^F#l^*Jta^M(i^U^(i'l21 1 9I(ii2 0 

tpiz&it&x-T y 7s 2 w^siiii^i2 2 iZTjkir x n (.zjm-rtii* 
<tv\, Ep*,it^f77*s 2 - 1 xxtjztifzmio&mmmsEQn n>*m*)#*)* 
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*T 19 ffclt*itf*x * "7° S 2 — 3 "C 1 XtiCltUZiav^a*^*!^** /? n ^ 
[0 0 7 2] 

±&&c&^T(;i|II3 W"H4 K^LfcJ: n izm^&m 1 -N ZM&Hzyim. Lfz 
fr\ 0!lx.(iSiriki at Let Ariyavisitakull 1 "Turbo Space-Time Processing to 
Improve Wireless" , IEEE. TRANSACTIONS ON COMMUNICATIONS, VOL. 48, NO. 8, AUG 

ust, 2miz^±n%wM&mv>^m~z<D§tw%mmLxi>jL\<->o 

, -e-<o#«^3nj n (i, .», n) fc&gi-sKiK, fflv>&**i£ wftoft^- 

^9!lftLa*S*J±^ ffi-^-^J 1 , n- 1 fcov»TI±4*®O«0 3EL&S-C&P> 
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